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Multi-component valve sterna 



Field 



5 The present invention relates to valve stems for metered doss dispensing valves for 
dispensing metered volumes of a pressurized aerosol formulation, in particular 
medicinal aerosol formulations, from an aerosol container. 



10 Background 

Metering valves axe particularly useful for administering medicinal formulations that 
include a liquefied gas propellent and are delivered to a patient in an aero$ol for 
inhalation, nasal, or sublingual administration* 



IS Medicinal aerosol formulations generally comprise medicament, one Or more 
propellants, <e.g. chlorofluorcearbons and more recently hydrogen^ontaining 
fluorocarbons, such as 1,1,1,2-tctrafluoroethane (HFA 1 34a) and 1 ,1,1 ,2,3,3,3- 
heptafluoropropane (HFA 227)) and possibly cxoipients, such as surfactant and/or a 
solvent, such as ethanol. 



20 



25 



30 



When administering medicinal formulations, a dose of formulation sufficient to 
produce the desired physiological response is delivered to the patient- The proper 
predetermined amount of the formulation must be dispensed to the patient in each 
successive dose. Thus, any dispensing system must be able to dispense doses of the 
medicinal foimuiation accurately and reliably over the shelf life of the medicinal 
product to help assure the safety and efficacy of the treatment. 



Metering dose valves typically comprise an elongate outlet member or valve stem 
movable between closed and dispensing positions. 

The metering valves typically used in commercially available aerosol inhalers, 
comprise a fixed metering chamber and a valve stem that slides through a diaphragi 
also known as an outer stem gasket or seal, mounted in a Fixed manner on the valve 
body of the valve. 



l 
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However, in some other metering valves, the valve stem may comprise an annular 
elastomeric seal capable of forming a fluid-tight seal with a portion of the wall of the 
chamber or valve body- In particular, one or more annular seals may be arranged onto 
5 a portion of the elongate stem element of the valve stem. Examples of such metering 
valves include various embodiments of shuttle-type metered dose dispensing valves 
disclosed in US 5 ,772,085. Other examples include certain embodiments of our co- 
pending US provisional application 60-408637 filed on September 6, 2002. 

10 gummarv of the Invention 

It is to be appreciated that in the metering valves of the latter type, i.e. including a 
valve stem comprising a sealing element, the sealing element is moving with the valve 
stem, each and every time the valve stem moves to and from its dispensing position 
during the operation or firing of the dispensing device, In particular, it has been noted 

IS that for valve stems having a (e.g. an annular elastomeric) sealing element 

mechanically affixed onto the elongate stem element, there may be a tendency 
towards the formation of a leakage path at the interface between the elongate stem and 
sealing element. Tendency towards leakage in turn may disadvantageousiy reduce the 
accuracy and reliability of the metered dose dispensing valve comprising such a valve 

20 stem. Our co-pending US application 60-408637 discloses the use of processes in 
which the elongate stem element and the sealing element arc co-molded to 
manufacture the valve stem. 

Although such co-molding of the elongate stem and sealing elements is advantageous 
25 in that it allows the provision of a chemical and/or mechanical bond between the 
respective components and thereby minimizes leakage, we have found that due to 
material and/or structural considerations the application of such co-molding is not 

always feasible or practical- For example, the sealing element may have a complex 
geometry precluding the application of co-molding, or the desired or needed materials 

3D selected for the sealing and elongate stem dementi may preclude the use of co- 
moldiag. Thus, tfes iu &a eiagoiag to provide toIy© mmm for m&trnmd &&m 
iHmCTgnngT^lTOE e^pridng.msshainically afrbicsdi ssaEng. al^^tD-Qfca^Aig. & 

,-lsn5a^M^ mhnhrm±s2ST^ fcrofeTnto $7VS3ttrfr:\ Iftfltoi p&ia tO:l Ca\.^. V'iV;::': 
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performance properties for use in metered dose dispensing valves for die delivery of 
medicament. 

We have now found that hy providing an elastomeric sleeve molded onto the elongate 
stem element and located, desirably circumferentially, between, at least a portion of 
the interface between the elongate stem element and the sealing element affixed 
thereto, a valve stem having enhanced resistance to leakage as well as desirable 
robustness* e.g. over atypical lifetime-use in a metering valve, can be provided, while 
at the same time allowing for a broad freedom in material selection and/or structural 
design for me elongate stem and sealing elements. 

Accordingly, one aspect of the present invention provides a valve stem for use with a 
metering valve, said valve stem comprising an elongate stem element having an 
elastomeric sleeve molded onto at least a portion thereof and a sealing element having 
an internal surface, said sealing element being affixed onto the elongate stem element, 
such that at least aportion of the internal surface of the sealing element is overlying at 
least a portion of the elastomeric sleeve. 



20 



25 



30 



In another aspect the present invention provides a method of manufacturing a valve 
stem for use with a metering valve, said valve stem comprising an elongate stem 
element, an elastomerio sleeve and a sealing element, said method comprising the 



steps of: 
a) 
b) 

c) 



d) 



providing an elongate stem element; 

providing a mold shape containing at least in part the elongate stem 
element; 

molding a material to form the elastomeric sleeve, such that the 
elastomeric sleeve is molded onto at least a portion of the elongate 
stem element; and 

affixing the sealing element onto the elongate stem element, such at 
least a portion of the inner surface of the sealing element is overlying 
at least a portion of the elastomeric sleeve. 



3 
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In further aspects, the invention provides a metered dose dispensing valve comprising 
such a valve stem as well as a metered dose dispenser comprising a container 
equipped with such a metered dose valve. 




5 The dependent claims define further embodiments of the invention. 

The invention, its embodiments and further advantages will be described in the 
following with reference to the following drawings. 



ID 



15 



Brief Description of the Drawings 

Figures la and b represent vertical cross sections through a shuttle-type metered dose 
valve of the prior art including a valve stem comprising an elongate stem element and 
a sealing element. 

Figure 2 a and b represent vertical cross sections through two preferred embodiments 
of a valve stem. 



Figure 3 a and b represent vertical and horizontal cross-sections through another 
20 preferred embodiment of a valve stem having a non-circular cross-section 

Figure 4 represents a horizontal cross-section through yet another embodiment of a 
valve stem having a non-circular cross-section. 



25 



Detailed Description 

It is to be understood that the present invention covers all combinations of particular 
and preferred aspects of the invention described herein. 



1A TjV\r a t%aii-mr A t^ratan Atner rvF til Ft nrpqpnf JmzpntiftTi nan fiVpmfllww flifinfrnflinCJ VSihm e%f 

ths prior arip which ffijuy sdv^^f sgsouisly include & vslvs stsin in ES^stcE^io^ with, th© 
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Figures la and b illustrate an exemplary shuttle-type metered dose dispensing valve, 
disclosed in US 5,772,085 and incorporated herein by reference. Referring to Fig. la 
and b, the valve (15) typically comprises a body (2) having an annular gasket seal (4) 
for engaging the neck of an aerosol container or vial (not shown) to facilitate a gas- 
3 tight seal. The body (2) may be secured to the aerosol container or vial by any suitable 
means e.g. a conventional outer casing or ferrule (5), which is crimped around the 
neck of the aerosol container. As can be best seen in Fig. lb, the body (2) defines a 
chamber (6) having an outlet passage (10) for dispensing e.g. pressurized medicinal 
aerosol formulation. The valve stem (13) comprising an elongate stem clement (12) 
10 extends through the chamber (6) and is movable between a closed or priming position 
(as shown in Fig. la) and a dispensing position (as shown m Fig. lb). The elongate 
stem element (12) is provided with an inner seal (16) and outer seal (18), desirably in 
the form of annular seals, which provide gas-tight seals between the valve stem and 
the hmer wall of the chamber (6). The chamber (6), external dimensions of the valve 
15 stem (13) and the positions of the seals (16 and 18) are arranged to define a pre- 
determined volume within the chamber (6) between the seals (16 and 18). This can be 
best understood by reference to Fig. lb showing the valve in its dispensing position. 
As can be seen in Fig. la, in its closed or priming position the space between the seals 
(16 and 18) around the valve stem (13) extends into the reservoir interning aerosol 
30 formulation, As the valve stem (13) moves downwardly to its dispensing position, the 
seal (18) moves down the chamber allowing free access of the aerosol formulation 
into the chamber (6). Further movement of the valve stem causes seal (16) to enter the 
chamber (6) thereby trapping a metered volume of aerosol formulation between the 
seals (16 and 18) and the interior wall of the chamber (6). When the valve stem 
25 reaches its dispensing position the seal (1 8) passes outlet passage (1 0) thereby 

allowing direct communication between the metered volume and the outlet passage 
(10) thereby allowing Hie metered volume of formulation to be dispensed. In the 
illustrated valve, the valve is arranged, in particular the cross-sectional area of the 
seals (16 and 1 8) is arranged, such that the valve stem will be biased outwardly 
30 towards its dispensing position by vapor pressure generated by pressurized aerosol 
formulation contained within the container of the dispenser. The alignment of the 
valve stem may be ensured by ribs (20) which do not obstruct the free flow of aerosol 
formulation (as depicted by the arrow in Figure 1 a) around the valve stem (13) 
between the seals ( 1 6 and 1 8). 



5 
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It is to be understood that Figures la and b show one exemplary dispensing valve, 
which may be modified to comprise a valve stem in accordance with the present 
invention, and that other dispensing valves, in particular other metered dose 
dispensing valves, having a valve stem comprising m elongate stem element and at 
least one sealing element arcanged onto the elongate stem element, may also desirably 
include a valve stem in accordance with the present invention. Further examples of 
appropriate metered dose dispensing valves are described in our co-pending US 
application 60-408637; the contents of which are incorporated herein by reference, 

* * 

Valve stems in accordance with the invention comprise an elongate stem element 
having an elastomeric sleeve molded onto at least a portion of the elongate stem 
element and at least one sealing element affixed onto the elongate stem element, such 
the at least a portion of die internal surface of the sealing element is overlying a 
portion of the elastomeric sleeve. This can be better understood by reference to e,g. a 
preferred embodiment of the valve stem illustrated in Figure 2a. Here the elongate 
stem element (12) of the valve stem (13) includes two elastomeric sleeves (9,11) 
molded onto the elongate stem element. Two sealing elements (16, 18), which are 
illustrated here as annular seals having a complex, undercut geometry* are affixed* e*g. 
mechanically attached, on the elongate stem element, such that their inner surfaces 
(generally indicated by reference number 7) overlay the elastomeric sleeve. In the 
embodiment shown in Figure 2a, the entire inner surfaces (7) of the sealing elements 
(16 9 1S) overlay the elastomeric sleeve (9,11). in particular the outer surface of the 
sleeve. It will be appreciated that the valve stem can be arranged, such that only a 
portion of the inner surface overlays the elastomeric sleeve. This can be best seen in 

an alternative embodiment of the valve stem as shown in Figure 2b, where only a 

portion of the inner surface (7) of each sealing element (16,18) overlays the 
elastomeric sleeve (9,1 1). Also as illustrated by the embodiments shown in Figures 2 
a and b, the elastomeric sleeve may be straight sided or convex-shaped. Alternatively 

the elastomer sleeve miiy incorporate additional structuj^S- such &s raised sealing 
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As can be recognized from the embodiments illustrated in Figures 2a and b, the 
provision of valve stems comprising mechanically fitted sealing elements having a 
complex geometry and at the same time having desirably resistance to leakage is 
facilitated. The provision of valve stems having an elongate stem element with a noi 
circular, e.g. a cross-shaped, cross-section with an annular sealing element can also 1 
advantageously facilitated. This can be better understood by reference to Figures 3a 
and b, illustrating another preferred embodiment of the valve stem in a vertical and i 
horizontal cross-section, respectively. As can be best seen in Figure 3b the elongate 
stem element (12) of the valve stem (13) has a non-circular cross-section, a cross- 
shaped cross-section. For elongate stem elements made of a material comprising a 
polymer such a cross-shaped form can be advantageous in their manufacture via 

- m m 



tlXj^rWU-WXI. UWiuiu^i www— ~w — 

with a corresponding minimal tendency towards deformation a 



mwr 




77* 


t 


i .«>» 



■uniform. 



is shrinkage 



and as can be best seen in Figure 3b, the outer surface (8) of each sleeve is desirably 
substantially circular in its cross-section. As shown in Figures 3a and b, annular 
sealing elements (1 6, 1 8) are affixed onto the elongate stem element with their inner 
surfaces (7) overlying the elastomeric sleeve. The embodiment shown in Figures 3a 
and b exemplifies how the application of such a molded sleeve, Le. whose outer 
surface has a substantially circular eross-section, in combination with an elongate 
stem element having anon-circular cross-section, desirably facilitates the mechanical 
fitting of an annular sealing element onto such an stem element As can be seen in 
Figure 4, showing a horizontal cross-section of another valve stem embodiment 
including a cross-shaped elongate stem element (12), the molded sleeve (9,11) may be 

formed of four quadrant portions with the inner surface of annular sealing element 
(16,18) thus overlying the outer surface of each quadrant of the sleeve and the outer 
surface of each projection of the elongate stem clement As can be appreciated from 
the embodiments shown in Figures 2 and 3 and best seen in Figure 3b, the elastomeric 
sleeve preferably extends continuously around the elongate stem element (about its 
longitadinal axis), so that once the sealing element is affixed onto the stem element, at 
least a portion of the inner surface of the sealing element overlays circurnferentially at 
least a portion of the elastomeric sleeve. 



07-JUL-2003 122 11 



3M 01 PC NEUS5 GERMANY 



+49 2131 143810 



S.12 




TJie elongate stem element may be made of metal or a material comprising a polymer. 

Suitable metals include stainless steel, aluminum and titanium. For metallic elongate 
stem elements, the elastomeric sleeve is molded onto at least a portion of the elongate 
stem element using molding procedures well-known in the art. 



• 



For elongate stem elements made of a material comprising a polymer, suitable 
polymers include acetal, nylon, polyester (PE), in psirticnlar polybutylene 
terephthalate (PBT), polymethylpentene (PMP), polyphenylenesulfi.de (PPS), 

10 poiyaiyletherketones (FAEKs), thennotropic liquid crystalline polymers (LCF$X> 
polypropylene, high density polypropylene, efthylene-tctrafluoroethylene copolymer 
(ETFE), poly-vinylidene di fluoride (PVDF) and mixtures thereof. The material may 
include typical fillers, such as fibers (e.g. glass, mineral or carbon fibers), minerals 
(e,g* CaCOs), graphite or carbon, which may enhance structural robustness. Nylon-, 

15 PPS- and PBT-containing materials desirably incorporate fillers, e.g. made of 

glassfiber, while the other polymer-containing materials are desirably free of fillers. 
When applying polymeric materials including fillers, such as glass-fibers, it is 
desirable that the gate region for molding of the elongate stem element is positioned 
such that it will underlie the elastomeric sleeve, in order to subsequently prevent filler 

20 being exposed to formulation, e»g, medicinal aerosol formulation, contained within 
the container equipped with a valve including the vadve stem. 



25 



Suitable PAEKL polymers include polyetherketone, polyetheretherketone, 
polyethexetherketoneketone, polyetherkctoncetherketoncketone and 
polyetherketoneketone; polyetheretherketone is preferred. 



Suitable LCPs include main-chain or side-chain LCPs, more particular composing 
rigid-rod-like macromoiecules. Suitable polymer classes of LCPs include e.g. 
polyamides, polyesters and polycarbonates as well as polypeptides, polyoxamides, 
30 nolvhvdr&zids* nolvazomefliine, nolyisocyanide, polyisocy&n&te, polyorgano- 

Iw^^j^mpfh^iMou^. Stefesred LCP@ copolyesfcsra, copolysmidso sad 
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For use in valve stems in valves for delivery of medicament, the polymer is desirably 
non-toxic and/or recognized for use in medicinal products. Suitable grades for 
application in valve stems for metering dose valves for the delivery of medicament 
include for example non-filled polyetheretherketones PEEK™ 381 G and 450G 
(available through Victrex, Lancashire, UK); non-filled and mineral-filled polyester- 
based LCPs VECTRA™ A950 and A530, respectively (available through Ticona, 
Kelsterbach, Germany); non-filled PMP TPX™ RT18 (available through Mitsai 
Chemicals, Dusseldorf, Germany) ; and glassfiber-filled PPS. FORTRON™ 9140L4 
and 9140L6 (also available through Ticona); PBT medical grade CELANEX™ 
2402MT (also available through Ticona); PBT 30% glass-fibre filled CELANEX™ 
3314(also available through Ticona); POM Hostafonn™ C9021 (also available 
through Ticona); polypropylene MOPLEN™ VM 300P (available from Easell, 
Moofddorp. Netherlands); high density polypropylene HOSTALEN™ GC 7260 (also 
available from Basell); ETFE TEFZEL™ 207 (available from DuPont, Wilmington., 
USA) and DYNEON™ PVDF (available from 3M , St Paul, USA). 

For elongate stem elements made of a material comprising a polymer, preferably the 
elastomeric sleeve is co-molded onto at least a portion of the elongate stem element. 
Under the term "the elastomer sleeve is co-molded onto at least a portion of the 
elongate stem element" is to be understood that the elastomeric sleeve is chemical 
andVor mechanical bonded to at least a portion of the elongate stem element as the 
result of a co-molding process used in the manufacture of the valve stem. 



25 



The elastomeric sleeve may be made of a material comprising a thennoplastic 
elastomer or a thennoset elastomer, preferably a thermoplastic elastomer for desirable 
ease in manufacturing and co-molding. 



Various classes of suitable thermoplastic elastomers include polyester rubbers, 
30 polyurethane rubbers, ethylene vinyl acetate rubber, styrene butadiene rubber, 
copolyester thermoplastic elastomers, copolymer ether thermoplastic elastomers, 
olefmio thennoplastic elastomers, polyester amide thermoplastie elastomers, polyethcr 
amide thennoplastic elastomers, copolyamide thermoplastic elastomers and mixtures 



thereof. Examples of olefinic thennoplastic elastomers are described in WO 



9 
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92/1 1 190, which is incoiporated herein by reference, and include block copolymers of 



examples of suitable olefroic thermoplastic elastomers aire described in WO 99/20664, 
which is incorporated herein by reference, and in US 5703187 (Dow). Styrene- 
5 ethylene-butadiene-styrene copolymers and blends, such as those described in WO 
93/22221 and WO 95/03984, both of which are incorporated herein by reference, as 
well as styrene-ethylene-propylene-styreno copolymers are suitable thermoplastic 
elastomers. An example of a polyefher amide thermoplastic elastomer is PBBAX 
(Atofina), which is a polyether block-co-polyamide. Compositions comprising a 

io mixture of inter-dispersed relative hard and relative soft domains may also be 
employed as suitable thermoplastic elastomers. Examples of such mixture 
compositions include SANTOPRKNE (Advanced Elastomer Systems) which has 
thermoset EPDM dispersed in a polyolefin matrix or ESTANB (Noveon) which is a 
polymer of segmented polyester urethanes with a mixture of crystalline and rubbery 

15 nanophases. Other mixtures include olefinic thermoplastic/rubber blends and 
polyvinyl chloride/rubber blends. Other possibilities include single-phase melt- 
processable rubbers and ionomera. 

The desired thickness of the elastomeric sleeve typically depends on the particular 
20 structural form of the elongate atom element and the scaling clement. However a 
suitable minimal thickness may be about 0.1 mm, more suitably about 0.2 mm and 
even more suitably about 03 mm. A suitable maximal thickness may be about 1.5 



25 The sealing element is typically an annular seaL The sealing element is typically 

elastomeric and may be made of a material comprising a thermoplastic elastomer or a 
thermoset elastomer. Suitable thermoplastic elastomers for the sealing element 
include those mentioned in connection with the elastomeric sleeve. 



goafing sleiBsa&i&mS elongate sfesu^8sm@n8s» in particular ©long&fc© sten ©I^anois 



ethylene with monomers selected from but-l-ene § hex-l-ene and oct-l-ene. Other 
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element made of a material comprising a theraiosBt elastomer and an elongate stem 
element made of a material comprising an acetai polymer, co-molding of the two 
elements is typically precluded due to material incompatibility, Therefore, preferred 
embodiments of valve stems including an elongate Stem element made of a material 
comprising a polymer, more particular a thermoplastic polymer, and a sealing elei 
made of a material comprising a thermoset elastomer are particularly beneficially 
provided. 



Lt 



Preferred thermoset elastomers include thermoset ethylene-propylene-diene 
10 terpolymer (EPDM), acryloiritrile-butadiene copolymer (Nitri le robber), isobutylene- 
isoprene copolymer (Butyl rubber), halogenated ieolnuylene-isopTene copolymer (e.g. 
Chlorobutyl rubber and Bromobutyl rubber), polychloroprene (Neoprene), and 
mixtures thereof, with EPDM» nitrile rubber and butyl rubber being more preferred, 
EPDM and nitrite rubber even more preferred and EPDM most preferred. 

* 

15 

A preferred method of manufacturing a valve stem in accordance with the invention 

comprises the steps of; 

a) providing an elongate stem element; 

b) providing a mold shape containing at least in part the elongate stem 
20 element; 

o) molding a material to form an elastomeric sleeve, such that the elastomeric 

sleeve is molded onto at least a portion of the elongate stem element, 
d) affixing a sealing element onto the elongate stem element, such that at 
least a portion of the inner surface of the sealing element is overlying at 
25 least a portion of the elastomeric sleeve. 



30 



For preferred embodiments of the valve stems comprising an elongate stem element 
made of a material comprising a polymer, step a) of providing an elongate stem 
element desirably comprises the Steps of: 

i) providing a first mold shape; 

ii) molding a first material to form the elongate stem element. 

Step b) would then be providing a second mold shape, while step c) would then be 
molding a seeond material to form the elastomeric sleeve. The molding of step c) is 



11 
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desirably performed, such that the elastomeric sleeve is co-molded onto at least a 
portion of the elongate stem element. 

An alternative, preferred method of manufacturing a valve stem embodiment 
5 comprising an elongate stem element made of a first material comprising a polymer 
comprises the steps of; 

a) providing a second mold shape; 

b) molding a second material to form the elastomeric sleeve; 

c) providing a first mold shape underlying at least in part the elastomeri c 
10 sleeve; and 

d) molding a first material comprising a polymer to form the elongate stem 
element having the elastomeric sleeve co-molded onto at least a portion of said 
elongate stem element; and 

e) affixing the sealing element onto the elongate stem element, such at least a 
15 portion of the inner surface of the sealing element is overlying at least a 

portion of the elastomeric sleeve. 

For the sake of consistency in the two alternative methods* the wording "first" mold 
shape and BC firsr material are used here in connection with steps relating to the 
20 molding of the elongate stem element, while the wording "second" mold shape and 
"second" material are used in connection with steps relating to molding of the 
elastomeric sleeve, regardless of the sequential order of the process steps. For 
molding of the elongate stem element and/or molding of the elastomeric sleeve* the 

preferred method of molding is injection molding* 

25 

It will be appreciated by those skilled in the art that respective mold shapes will be 
provided as to allow the provision of the particular form of elongate stem element and 
elastomeric sleeve needed for the use of the valve stem in the particular dispensing 
valve. The method may involve a molded component being removed from its mold 

3D aid then positioned appropriately in another mold form for molding of the other 

sonspon^nt. Alfsnmtively the method may involve & smgte, ^positfenabla &r form- 
fifcoigw^biQ %xmlfL> m vsluchnpsn molding of a Gavnpsrosnf; the mold is r^pssM^ed w 




-JUL-2003 12*13 3M OIPC NEUSS GERMANY +49 2131 143810 S.17 



For valve stems comprising two or more elastomeric sleeves^ those skilled in the art 
will appreciate that each individual elastomeric sleeve may be molded simultaneously 
or sequentially, and that each individual elastomeric sleeve may have a different farm, 
as needed or desired* and/or maybe made of a different material, again as needed or 
5 desired. For valve stems comprising two or more sealing elements, again those 
skilled in the art will appreciate that each individual sealing element may have a 
different form, as needed or desired, and/or may be made of a different material* again 
as needed or desired. 

10 Metered dose dispensing valves comprising a valve stem in accordance with the 
invention as well as metered dose dispensers comprising a container equipped with 
such a metered dose valve are desirable for use in dispensing medicament* in 
particular medicinal aerosol formulation, due to the advantageous properties of the 
valve stems. The use of valve stems in accordance with the invention in conjunction 

15 with medicinal aerosol formulations comprising a medicament and a propellant 
seleetedfrom 1,1,1 ,24etrafluoroethmie, 1,1,1,2,3,3,3-heptafluoropropane and a 
mixture thereof, more particul ar further comprising ethanol, is particularly desirable 



A preferred metered dose dispensing valve, suitable for dispensing metered volumes 
20 of a pressurized aerosol formulation, comprising a valve stem in accordance with the 
invention, is a valve which further comprises a chamber and an outlet passage, 
wherein the valve stem extends into the chamber and movable relative to the chamber 
between non-dispensing and dispensing positions, the valve stem having a 
configuration including an external surface and the chamber having an internal 
25 configuration including an internal surface such that a movable metered volume of 
pressurized aerosol formulation is capable ofbeing defined therebetween and such 
that during the movement between its non -dispensing and dispensing positions the 

valve stem sequentially; 

i) allows free flow of aerosol fonnuiation into and out of the chamber; 
30 ii) defines a closed metered volume for pressurized aerosol formulation 

between the external surface of the valve stem and internal surface of the 
shamber, and 

iii) moves with the closed metered volume within the chamber without 
decreasing the volume of the closed metered volume until the metered volume 
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commianicates wife die outlet passage thereby allowing dispensing of the 



• 



metered volume of pressurized aerosol formulation. 
The valve stem desirably comprises a second elastomeric sleeve, said second 
elastomeric sleeve molded onto at least a portion thereof, and a second sealing 

5 element, said second sealing element having an inner surface and being arranged and 
affixed onto Hie elongate stem element, such that at least a portion of the inner surface 
of the sealing element is overlying at least a portion of Hie elastomeric sleeve, and 
being longitudinally spaced from the first sealing element, each sealing element 
having a sealing surface capable of forming a gas-tight seal with the internal surfece 

10 of die chamber. 



IS 
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Claims 



1. A valve stem for use with a metering valve, said valve stem comprising an 

5 elongate stem dement having an elastomeric sleeve molded onto at least a portion 
thereof and a sealing element having an inner surface, said sealing clement being 
affixed onto the elongate stem element, such that at least a portion of the inner 
surface of the sealing element is overlying at least a portion of the elastomeric 
sleeve. 

10 

2. A valve stem according to claim 1, wherein the elongate stem element is made of 
a metal or a material comprising a polymer. 

3. A valve stem according to claim 2 9 wherein the elongate stem element is made of 
15 a material comprising a polymer and the elastomeric sleeve is co-molded onto at 

least a portion of the elongate stem element. 

4. A valve stem according to any preceding claim, wherein the elongate stem 
element is made of a material comprising a thermoplastic polymer. 

20 

5. a valve stem according to any preceding claim, wherein the elastomeric sleeve is 
made of a material comprising a thermoplastic elastomer. 

6. A valve stem according to any preceding claim, wherein the sealing element is 
25 elastomeric. 

7. A valve stem according to any preceding claim, wherein the sealing element is 
made of a material comprising a thermoplastic elastomer or thermoset elastomer. 

30 S. A valve stem according to claim 6, wherein the scaling element is made of a 
material comprising a thermoset elastomer selected firom EPDM, nitrite, butyl 
rubber, chlorobutyl rubber, bromobutyl rubber and neoprene. 



15 
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IS 



20 



9. A method of manufacturing a valve stem for use with a metering valve, said valve 



i lino 



stem comprising an elongate stem element, an elastomene sleeve 
element, said method comprising the steps oft 

a) providing art elongate stem element; 

b) providing a mold shape containing at least in part the elongate stem 
element; 

c) molding a material to form the elastomeric sleeve, such that 1* 
elastomeric sleeve is molded onto at least a portion of the elongate stem 
element; and 

d) affixing the sealing element onto the elongate stem element, such at least a 
portion of the inner surface of the sealing element is overlying at least a 
portion of the elastomeric sleeve. 

10. A method of manufacturing a valve stem according to claim 9, wherein said mold 
shape and said material is the second mold shape and second material; wherein the 
elongate stem element made of a first material comprising a polymer and step a) 
of providing an elongate stem element comprising the steps of: 

i) providing a first mold shape; 

ii) molding a first material to form me elongate stem element, 

and wherein in step c) molding is performed, such that the elastomeric sleeve is 
co-molded onto at least a portion of the elongate stem element. 



i 



25 



in 



11. A method of manufacturing a valve stem for use with a metering valve, said valve 
stem comprising an elongate stem element, said elongate stem element made of a 
first material comprising a polymer, an elastomeric sleeve and a sealing element, 

said method comprising the steps of: 

a) providing a second mold shape; 

b) molding a second material to form the elastomeric sleeve; 

c> providing a first mold shape underlying at least in part the elastomeric 

sleeve: and 

j> mi** « fW •matensii eomnrisiTif? a nolvmer to form the elongate stem 

slemsat having the elastomsric dooms co-molded onto at least a portion at sas 
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e) affixing the sealing element onto the elongate stem element, such at least a 
portion of the inner surface of the sealing element is overlying at least a 
portion of the elastomerie sleeve. 



5 12. A method of manufacturing according to claim 1 0 or 1 l s wherein the step of 
molding elongate stem element is injection molding. 

13. A method of manufacturing according to any one of claims 9 to 12, wherein the 
second material comprises a thermoplastic elastomer. 

10 

14. A method of manufacturing to any one of claims 9 to 13, wherein the step of 
molding the elastomerie sleeve is injection molding. 

15. A metered dose dispensing valve comprising a valve stem according to any one of 
IS claims 1 to 8. 

• * « " a • ■ 

16. A metered dose dispensing valve according to claim 1 5, said valve being suitable 
for dispensing metered volumes of a pressurized aerosol formulation and wherein 
said valve further comprises a chamber and an outlet passage, wherein the valve 
20 Stem extends into the chamber and is movable relative to the chamber between 

non-dispensing and dispensing positions, the valve stem having a configuration 
including an external surface and the chamber having an internal configuration 
including an internal surface such that a movable metered volume of pressurized 
aerosol formulation is capable of being defined therebetween and such that during 
25 the movement between its non-dispensing and dispensing positions the valve stem 
sequentially: 

i) allows free flow of aerosol formulation into and out of the chamber, 
ii> defines a closed metered volume for pressurized aerosol formulation 
between the external surface of the valve stem and internal surface of the 
30 chamber, and 

iii) moves with the closed metered volume within the chamber without 
decreasing the volume of the closed metered volume until the metered volume 
communicates with the outlet passage thereby allowing dispensing of the 
metered volume of pressurized aerosol formulation. 
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17, A metered dose dispensing valve according to claim 16, wherein said valve stem a 
second elastomeric sleeve, said second elastomeric sleeve molded onto at least a 
portion thereof, and a second sealing element, said Second sealing element having 
5 an inner surface and being arranged and affixed onto the elongate stem element, 
such that at least a portion of the inner surface of the sealing element is overlying 
at least a portion of the elastomeric sleeve, and being longitudinally spaced from 
the first sealing element, each sealing element having a sealing surface capable of 
forming a gas-tight seal with the internal surface of the chamber. 

10 

IS, A metered dose dispenser comprising a container equipped with a metered dose 
dispensing valve according to any one of claims 1 5 to 1 7. 

19. A metered dose dispenser according to claim 1 8* wherein the container contains a 
15 medicinal aerosol formulation. 

20. A metered dose dispenser according to claim 1 9, wherein the medicinal aerosol 
formulation comprises a medicament and a propellant selected from 1,1,1,2- 
tetrafluoroelhane, Ul J,2,3 4 3>heptafluoropropane and a mixture thereof. 

20 

21. A metered dose dispenser according to claim 20, wherein the formulation further 
comprises ethanol. 



25 
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Abstract: 



A valve stem for use with a metering valve, said valve stem comprising an elongate 
stem element having an elastomeric sleeve molded onto at least a portion thereof and 
5 a sealing element having an inner surface, said sealing element being affixed onto the 

elongate stem element, such that at least a portion of the inner surface of the sealing 

element is overlying at least a portion of the elastomeric sleeve; as well as methods of 
manufacturing such a valve stem. 



19 
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